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ABSTRACT day without major modifications. Although this instru-

A small, light, portable scintillation counter,
primarily intended for geologic field use, has been
designed and is now commercially manufactured. The
instrument embodies a very fast trigger amplifier and
a compact relaxation~-oscillator power supply. The
circuit takes full advantage of the high counting rate
that can be obtained from a sodium iodide crystal.
Another, still smaller and lighter, scintillation counter
of the total intensity type is now being tested.

INTRODUCTION

From rather primitive beginnings (Rajewsky, 1943;
Ridland, 1945), the portable gamma-ray detector has
rapidly developed into a popular geologic tool. Probably
there are more gamma-ray detectors in use today than
all other geophysical instruments.

The Manhattan Engineer District expended con-
s1derab1e effort on the design of a portable Geiger-
Muller survey meter for health physics work. The
basic design adopted toward the end of the war utilized
the Schmitt (1938) trigger circuit as an amplifier, with
various high voltage supplies (dry batteries, oscillators,
vibrators), and was produced commercially by many
instrument manufacturers. The instrument was clear-
ly successful and continues to be manufactured to this

ment was designed primarily for use in health physics
work, it has been widely used in geologic field work
(Faul, 1948, 1950).

Experience in radiation measurement for geo-
Iogical apphca.tlons has revealed that the ordinary
Geiger-Miller survey meter is not sensitive enough
to be useful in areas of low levels of radiation, roughly
of the order of backgrdund radiation. When large
Geiger-Miiller tubes were connected to the survey
meter, singly or in bundles, it was found that data of
great geologic significance (Nelson, 1953; Slack, 1949;
Slack and Whitman, 1951; and many unpublished reports)
couldbe obtained. However, thelarge counters (as muchas
40 inches long) were exceedingly clumsy to use in the field.

A portable scintillation counter would not be sub-
ject to this ha.ndlcap Such an instrument was an~
nounced by G.“M. Brownell in Canada (1950), and be-
came commercially available shortly thereafter.
Brownell's instrument weighed about 15 1bs., had
considerable drift with temperature and time, and cost
more than $1, 000 in the United States, so that it could
not become widely used. Nevertheless, Brownell's
work showed that a portable scinfillation counter could
be very useful in geologic studies.

About 1950, portable scintillation counters were de-
veloped independently at the Oak Ridge National Laboratory



and Los Alamos Scientific Laboratory. Eachofthesein-
struments had definite advantages: the OakRidgecircuit
(Borkowsky and Dandl, personal communication) was very
fast and had a good oscillator power supply; the Los Alamos
circuit (Watts, personal communication) was built with sub-
miniature tubes and could be made very small and light.
Obviously, an instrument combining the advantages ofboth
designs would be of great value to the geologic profession,
and we decided to attempt its development.

The instrument that was developed (fig. 1) weighs
about 7 pounds, stands about 12 inches high, and retails
for about $500, It has now been produced in quantity by
three manufacturers and used extensively during the
1953 field season by many private individuals and per-
sonnel of the Geological Survey, the Atomic Energy
Commission, and the Department of Agriculture. Much
remains to be learned about the calibration and optimum
energy response of scintillation counters for field use,
but in spite of their limitations they are of great value
to the geologist.
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PHYSICAL DESIGN

The outward design of the instrument was de-
termined largely by a committee of field geologists in
Denver, under the chairmanship of L. R. Page of the
Geological Survey. It was decided that the instrument
should be housed in two boxes, of which one would con-
tain little more than the batteries, or roughly half the
weight of the device. The battery box has suitable
loops so that it can be worn on the belt, and is con-
nected to the probe by a flexible coiled cord.

The probe contains most of the circuitry, the
sensitive element, and the meter, It must be as light
as possible, and waterproof for work in mines. For
obvious reasons, the probe must be very rugged. The
meter must be so placed that it is easily readable at
arm's length, and the use of the instrument should re-
quire only one hand. The probe fastens to the battery
case with a spring catch and must be firmly held, yet
easily removed.

The sensitive element is a very fragile assembly
and must be mounted in the probe with utmost care to
prevent damage in normal (that is, rather rough) use.
The thallium-activated sodium iodide crystal, about
one cubic inch or larger in volume, is housed in a
thin spun-aluminum can (fig. 2) filled with clear

. multiplier tube.

silicone fluid of very high viscosity (as much as sev-
eral hundred thousand centistokes). The can slips over
the end of the photomultiplier and is attached with in-
dustrial adhesive tape, A phosphor bronze spring
keeps the polished face of the crystal in contact with
the photocathode. The other surfaces of the crystal
are left rough, Commercially available potted crys-
tals are preferred by one manufacturer, but the silicone
mount, originally developed at the Chalk River Labora-
tory (Carmichael, personal communication), isless
costly and mechanically sturdier. We have not ob-
served any detrimental reaction between the crystal,
the tape, and the silicone oil, The photomultiplier is
magnetically shielded by a thin sheet of highly per-
meable nickel-iron alloy such as is available com-
mercially under various trade names, The entire
assembly of the sensitive element is suspended in the
probe in sponge rubber, to minimize damage when the
probe is dropped accidentally., Some manufacturers
are now producing the instrument in a single box in
order to reduce the cost and still produce a rugged
instrument.

ELECTRONIC DESIGN

The pulse amplifier (fig. 3) is a trigger pair of
subminiature tubes (type CK-533 AX) with V-1 normally
conducting. The input sensitivity is varied by means of
the potentiometer marked "CALIBRATE, " which di-
rectly affects the bias on V-2 and to some extent, the
bias on V-1, and is adjustable down to a few millivolts,
or a point just above the dark current of the photo-

The amplifier has a gain of 20, a
pulse length of 6 microseconds, and a 14 microsecond
resolution period. The pulse length and resolution
period are independent of range setting, and less de-
pendent on input pulse amplitude and counting rate

than any other type amplifier tested for portable scin-
tillation counters. Specifications call for a minimum
rate of 150,000 counts per minute in a field of one
milliroentgen per hour of radium gamma rays with a
cylindrical crystal one inch thick and 1% inches in
diameter. The ranges are selected by switching re-
sistors in the plate circuit of V-2, A series network
with preselected values for the range settings was
tried and was found to be very satisfactory, but pro-
curement in quantity of resistors of the correct values
proved to be difficult., The present method was chosen
as a compromise, Two time constants of 1 and 10 sec-
onds are obtained by switching condensers C;and C,
respectively. The necessary voltage to drive the
metering circuit is obtained from the range resistors
in the plate circuit of V-2, This circuit'is essentially
a vacuum tube voltmeter using a type CK-526-AX.

A four-volt swing of the grid of V-3 will give full scale
deflection on the 50 microampere ruggedized meter,
The grid voltage versus plate current curve is linear
over the operation range of grid voltages so that the
meter deflection is linear with respect to the voltage
developed across any range resistor. Other tubes may
be used where higher meter currents are required, as
in some applications discussed below. The potentiometer
R ,in the cathode circuit, which is controlled externally,
serves as zero balance. Zero drift is extremely small,
less than one microampere in 40 hours of operadtion.

The negative 900 volts for the photomultiplier is
supplied by an oscillator high voltage supply with an
approximate plate efficiency of 16 percent. The overall
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Figure 8. —Circuit diagram of the integrating scintillation counter.

three microamperes of plate current flow. Bias
is applied to the cathode by means of a bleeder
network. The screen is supplied by a separate
22. b-volt battery connected directly between screen
and cathode. This arrangement prevents the falling off
of screen voltage which would result in non-linear
response of the meter if the screen were fed by
means of a dropping resistor or bleeder from B+.
The signal is applied directly to the grid from
dynode No. 10, as a positive voltage is required,
and the sensitivity is controlled by the amount of
resistance in this circuit. Earlier experimental
measurements with this type of circuit showed
rather large and frequent upswings of the meter
while measuring relatively low background radiation.
These upswings are attributable to large pulses,
from 10 to 30 volts in amplitude caused by cosmic
showers, whereas the average pulse from radium
has a peak value of about 2 volts. The effect of
these extremely large pulses is reduced in this circuit,
because any pulse greater than about 2.5 volts in
amplitude drives the grid positive in respect to
the cathode and is clipped in the grid circuit. In
addition, the flow of grid current thus caused de-
velops a bias pulse across the 10 megohm grid
leak-50 micromicrofarad condenser combination to
counteract the effect of the large pulse on plate
current.

A potentially useful feature of this integrating
instrument is the continuously variable time con-
stant of the meter circuit. By adjusting the
100,000 ohms potentigmeter in series with the
meter, the response time (and therefore the flutter)
of the meter can be made to have any value that
a situation may demnjand.

The complete unit, including batteries, is now
contained in a case 4 x 4% x 3 inches, with a probe
2 inches in diameter projecting 53 inches from
the front (fig. 7). The meter is mounted in the
back of the case. The total weight of the pre-
liminary model is less than 3} pounds, and it has
a battery life of nearly 200 hours. Bench tests
show negligible drift in zero and sensitivity through-
out the life of the batteries.

There are definite drawbacks to this circuit
in its present form. Only the best of photomul-
tipliers will work satisfactorily; most have in-
sufficient gain at 900 volts; some have too much dark
current; some have internal leakage which affects the
zero adjustment. The dark current sets a lower
limit to the useful response of the instrument.

A larger crystal will help solve this difficulty,
but the weight and cost of the crystal becomes

an item to be considered in the design of a small
instrument. The high value of range resistors

(200 megohms on the most sensitive range) may
make the reading sensitive to humidity changes.

It is not known how this instrument will compare
in the field with those already in use and de-
scribed in the earlier parts of this paper. Be-
cause the meter indication depends as much on
energy as it does on the number of disintegrations,
it is possible that this instrument will not show
as good a response to weak anomalies in the field
as the instruments now in use. The great advan-
tages of small size and weight and slightly lower
construction cost may overbalance the obvious
shortcomings of the circuit. Extensive testing,
now in progress, will be required before the useful -
ness of the design can be determined.
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